Abstract. The current system of stellar magnitudes first introduced by Hipparchus was strictly defined by Norman Robert Pogson in 1856. He based his system on Ptolemy's star catalogue 'Almagest', recorded in about 137 A.D., and defined the magnitude-intensity relationship on a logarithmic scale.
Introduction
The concept of magnitudes was introduced by Hipparchus in c.2 B.C. (cf. Hearnshaw 1996) . Hipparchus compiled his catalogue of 850 stars with ecliptical coordinates and visual magnitudes. This work was triggered by the discovery and the observation of a nova (not yet explained) in the constellation Scorpius in 134 B.C. He started to record the coordinates and magnitudes of fixed stars in order to aid discoveries of such objects, and to record the brightness. He defined the brightest 20 stars as 1st magnitude, Polaris and stars of the Great Dipper in Ursa Major as 2nd magnitude and stars at the observable limit of the naked eye as 6th magnitude. The work of Hipparchus was lost over the years, however, Hipparchus' magnitude system came down through subsequent star catalogues ('Almagest' etc.) .
In the nineteenth century, astronomers tried to define the magnitude system more precisely and quantitatively, based on simple arbitrary visual estimates. Many astronomers (W. and J. Herschel etc.) had already investigated the magnitude-intensity relationship and deduced the logarithmic form. Based on Ptolemy's star catalogue 'Almagest', Pogson (1856) proposed adopting a light ratio R 2.512 for two stars that differ in brightness by one magnitude, defining the magnitude as m = −2.512 log I.
(
This definition is well-known as Pogson scale and is still used in stellar photometry. In the 1960s, psychophysists propounded that the response of human's sensitivity would be a power law (Stevens 1961) . Referring this theory, Schulman & Cox (1997) suggested that visual magnitude estimates were much better fit to a power law. Equally, the eye's response to light is a power law, and therefore visual magnitude estimates disagreed with the logarithmic system.
Independently, Hearnshaw (1996 Hearnshaw ( , 1999 examined 'Almagest', and showed that the magnitudes fitted to the logarithmic scale. The light ratio of 'Almagest' is, however, derived as 3.42 being far larger than that of Pogson's formula.
In order to verify that visual magnitude estimates fit either a logarithm or a power law, we intend to investigate the magnitude systems in old star catalogues. In all of the star catalogues mentioned below, stellar magnitudes were estimated with the naked eye and were classified by 1st to 6th based on the Hipparchus' system.
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In this paper, we present the results of our study of magnitude systems in old star catalogues. Magnitude data and their analysis are found in Sect. 2. We present and compare historical magnitude data on the chart with a logarithmic scale and a power-law scale in Sect. 3.1. The light ratios R are described in Sect. 3.2. The conclusions are summarized in Sect. 4.
Data and Analysis
Before we could use data compiled in these catalogues, we had to check the characteristics of old works and correct the magnitude data (see Fujiwara et al. 2003) .
In these old star catalogues, magnitude classes were recorded by numbers (1-6) and plus or minus signs which indicated 'a little brighter' or 'a little dimmer', respectively. To quantify these magnitude descriptions completely, we subtracted or added 0.33 according to the plus or minus sign respectively. For example, we assigned 2.67 for 3+ and 3.33 for 3−.
We omitted unsuitable stars as follow: first, stars presently brighter than 1 mag because in the days when these catalogues were recorded, there was no concept of zero or minus magnitude; second, stars that we could not identify; third, untreatable double or binary stars; finally, known variables with amplitudes larger than 0.5 mag; o Cet (Mira), β Per (Algol), δ Cep, etc. (for detailed descriptions, see also Fujiwara et al. 2003) Consequently, we sampled, in total, 2124 naked-eye stars, and in Table 1 , the observational (not published) epoch of every star catalogue is given in Column 2, while the number of stars N is shown in Column 3.
Conclusions
1. All magnitude systems in old star catalogues fit to Pogson's logarithmic scale. 2. On a power-law scale chart, magnitude systems in old star catalogues do not have a bias toward proportions at all points, i.e. the power law scale is not consistent with the magnitude systems in old star catalogues. 3. Relative to 6th magnitude in old star catalogues, mean magnitudes were deviated toward the brighter magnitude due to the range of observable magnitudes. Alike is the 1st magnitude. All linear regressions without these two magnitudes fit to the light ratio R = 2.512 suggested by Pogson.
